sented both cost-effectiveness and cost-benefit analyses. Few studies were cost-utility analyses (n = 5) or cost minimization analyses (n = 2). By year of publication, most were published after 2003. The review revealed that, although the number of publications reporting EEs has increased significantly in recent years, the quality of the reporting needs to be improved. The main methodological problems identified in the review were the limited information provided on adjustments for discounting in addition to inadequate sensitivity analyses. Attention also needs to be given to the analysis and interpretation of the results of the EEs. Copyright © 2013 S. Karger AG, Basel Economic evaluation (EE) is a comparative analysis of two or more programs which entails both the cost and consequences that may help in devising sound decisions to allocate resources in rationalizing expenditure and effectiveness of such programs [Drummond et al., 2005] . EE is an integral component of the process of decisionmaking about any oral health preventive program [Niessen and Douglass, 1984] . Since these programs require ample amounts of resources, it would be difficult to implement such programs without knowing their costs and benefits. EE assists decision-makers in determining which intervention (or combination of interventions) maximiz-
es results in oral health terms given the available resources. In the last few years, EEs have acquired greater importance in decision-making in health [Salkeld et al., 1995] . Health service managers, programmers and planers need to select the interventions with highest impact, based on evidence and prioritizing of high-risk groups.
Despite this, with the exception of water fluoridation and dental sealants, the use and application of EE in preventive dentistry remains limited [Burt, 1989; CarandeKulis et al., 2000 ; The Swedish Council on Technology Assessment in Health Care, 2002] . Research efforts have focused mainly on the clinical effectiveness of oral health preventive programs rather than EE. As a consequence, few EEs have been performed in the field of preventive dentistry. Additionally, while the volume of published work claiming the economic benefits of oral health preventive program has increased, there has been a failure to monitor the quality of such evaluations. Reviews of EE in oral health, as well as in other health areas, indicate that there is confusion about terminology, what constitutes an EE, and the appropriate methodology to be used [Hawe et al., 1990; Walker and Fox-Rushby, 2000 ].
Reviews of the literature are becoming increasingly available in dentistry [Glenny et al., 2003] . Nonetheless, in contrast to the long history of EE in medicine and clinical dentistry, to our knowledge, with the exception of one review on EE of dental caries prevention programs [Kallestal et al., 2003] , systematic reviews of EE of oral health preventive interventions have not been conducted or are not available in the public domain. Most evidence-based reports on the effectiveness of interventions do not report on the data regarding financial aspects and benefits of the interventions [Carande-Kulis et al., 2000] . In the context of diminishing public resources for oral health care and increasingly sophisticated preventive and treatment options, users of these reviews (for example, decision-makers) may not have enough information to identify the financial benefit per monetary unit of resources used for most interventions in dentistry.
The aim of this paper was to review the literature on EEs in the field of dental caries prevention programs to objectively retrieve, synthesize and describe available information on the topic, in order to map and clarify the current use of these evaluations in this field. Thus, it was not the objective of this study to conclude on the economic efficiency of particular modalities of dental caries prevention. It is expected that this effort informs new EE attempts in this area, and in so doing addresses the requirements of policy and decision-makers.
Methodology
Several strategies were used to search for published literature in the field of EE of dental caries prevention programs. MEDLINE, EconoLit and ISI formed the basis of the literature search. Other electronic resources included the Cochrane Library, NHS Economic Evaluation Database (NHSEED), Centre for Reviews and Dissemination, EMBASE, LILACS and Scielo. Bibliographic listings of all retrieved articles were hand-searched and studies know to the authors were also included.
Search Criteria
Study selection was conducted using a two-stage process with predefined inclusion and exclusion criteria. First, to identify potential articles, a structured review of the literature was conducted, using the year of publication (from January 1975 to April 2012); articles in English, Italian, Portuguese, or Spanish were included, and a list of search words was used including: oral health, dental health, dental caries, and fluorides combined with cost * and effect * , cost * and benef * , cost * and util * , cost * and minim * , and economic evaluation.
The preliminary step involved an assessment of the relevance of each of the identified articles. All types of studies were included and screened for relevance to this project according to specified criteria, but to qualify for full extraction, the articles had to be of a full EE. In the second stage, each article meeting the criteria for inclusion was assessed independently by two reviewers. A random 10% sample of papers was reassessed by the reviewers to determine variability, any differences were discussed and a consensus was reached on the consideration of that paper.
Data Extraction
Data extraction should capture the key methodological elements that can impact on the results of an EE. A comprehensive evaluative framework was used to summarize the background and technical information of each of the studies included in this review. Background information included publication vehicle, year of publication, geographic focus, type of preventive program and type of economic analysis. The quality of the technical information was assessed using the approach developed by the Centre for Reviews and Dissemination's 'Guidance for undertaking reviews in health care' [Centre for Reviews and Dissemination, 2009] .
Technical information included three sections: study design (7 items), data collection methods (13 items) and analysis and interpretation of results (15 items). Answers were coded as 'yes', 'no' or 'not clear'. For some items, 'not applicable' was also recorded. The criteria used in this study are summarized in figure 1 .
Data Analysis
For background information, no quantitative analyses were performed beyond descriptive statistics to summarize findings. For the technical information, in addition to descriptive statistics on the answers to the 35 items, three indexes were constructed with positive responses to each of the three technical information dimensions to yield a 'study design' score, a 'data collection method' score, and an 'analysis and interpretation' score. Additionally, an overall technical criteria index was computed by adding all three partial scores. The data were input and analyzed using SPSS v. 20.0. 
Results
Altogether, the search revealed a total of 206 titles. After screening by title and abstract, 71 studies were identified as potentially relevant true EEs, 34 studies were cost analyses of dental treatments, 27 were expert opinions, and 17 were review studies (i.e., systematic reviews on EEs, reviews on the cost-effectiveness of fissure sealants, water fluoridation, fluorides, etc.), whereas 57 studies fell outside these categories, but were not true EEs of dental caries prevention programs (i.e., description of programs, EE of routine check-ups etc.). The full texts of the 71 shortlisted studies were reviewed. After the exclusion of duplicates, irrelevant and unavailable articles, 63 studies were included in this review. Figure 2 shows a flow chart of the studies that were included and excluded.
Background Information
Overall, EEs were reported in a total of 15 countries. The majority were conducted in the USA (n = 20) followed by the UK (n = 7), Australia (n = 6) and Sweden (n = 5). Other EEs were from Chile (n = 4), Spain (n = 4), Finland (n = 4), Canada (n = 3) and Japan (n = 2). These studies were published in the Journal of Public Health Dentistry (n = 10), followed by Community Dentistry and Oral Epidemiology (n = 6) and Community Dental Health (n = 6). These reports show a trend of gradual increase in the number of EEs. However, most of the studies have been published from 2003 to date. Figure 3 presents the number of publications on EE of dental caries prevention programs by year of publication.
The most common preventive strategies evaluated were dental sealants (n = 13), water fluoridation (n = 12) and mixed interventions (n = 12) (i.e., interventions that included a combination of preventive strategies such as dental sealants, fluoride varnish, gel, etc.). These interventions were closely followed by preventive dental programs that included oral health education in conjunction with a preventive strategy (n = 11). Fewer EEs were conducted on fluoride tablets (n = 3), fluoride varnish (n = 2), fluoride toothpaste (n = 2) and fluoride gel (n = 1). By the type of EE undertaken, cost-effectiveness analysis (CEA) (n = 30) was the most common method used, followed by cost-benefit analysis (CBA) (n = 22). Other methods of EE such as a combination of CEA and CBA (n = 5), cost-utility analysis (CUA) (n = 4) and cost minimization analysis (n = 2) were also employed. Technical Information Study Design. The review of true EEs showed that the majority of the studies clearly stated a research question (92.1%) and the economic importance of the study (81%). The choice of the alternative programs or interventions that were being compared was also reported by the majority of the studies (87.3%). On the other hand, while the form of EE was indicated in the majority of the cases (73.0%), about two thirds of them (63.5%) did not provide a justification for the type of EE chosen in relation to the questions addressed in their studies. Furthermore, 41.3% of the studies reviewed neither stated a rationale nor the view point for the study ( fig. 1 ) . The design score allocated ranged from 1 to 7, with an overall mean of 4.9 (SD 1.4) and a mode of 5. About 32% scored 6 or 7, that is, complete or almost complete reporting on the study design. Eight studies (12%) scored three or less.
Data Collection Methods. The primary outcome measure was identified in 82.5% of the studies. Sources of effectiveness data were also indicated in the majority of the cases (76.2%). Some studies used sources of effectiveness from a single study, while the other publications were based on either estimates from previously published data or assumptions of the estimates. Details of the participants in the studies were also reported in 81% of the studies. However, usually the epidemiological information was taken from cross-sectional surveys, sometimes using populations not strictly comparable on important dimensions such as years of exposure to fluoridated water, age range, ethnic mix and socioeconomic status. When relevant, the majority of them mentioned the design and results of the studies of effectiveness (54.0%). More than half of the studies (58.7%) did not report the methods used to value health states and other benefits. In three quarters of the studies (76.2%) there was no account of impacts on productivity such as transportation fees, time missed from work and salary losses while attending oral health care service. Moreover, discussion of the relevance of these factors was overlooked in 90.5% of the studies. About half of the studies identified the methods used for the estimation of quantities and unit costs (55.6%). Half of the studies reviewed did not provide information on price data used (50.8%) and a little over half of the studies did not account for details of price adjustments for inflation or currency conversion (54.0%). Almost two thirds of the studies did not report the model used for their evaluations (63.5%), and a majority of them did not justify the choice of model used and the key parameters on which it was based (74.6%) ( fig. 1 ) . The data collection methods scored from 2 to 13, with an overall mean of 6.4 (SD 2.7).
More than half of the studies (57.1%) scored 6 or less, i.e. they did not provide information on more than half of the data collection parameters.
Analysis and Interpretation of Results. The great majority of the studies (93.7%) provided information on the time horizon of the evaluations. When the time horizon for estimating costs is longer than 1 year, it is accepted practice that discounting is performed in order to transform past or future benefits and costs to their 'present value' [Drummond et al., 2005] . However, discounting was reported in only two thirds (65.1%) of the studies. For most (81.0%) no justification or reason for choosing a specific discount rate was provided. Amongst those studies which did not use any discount rate, there was no explanation for not discounting (63.5%). Moreover, over half of the studies (57.1%) did not provide detailed evidence of effectiveness or cost analysis. The majority (66.7%) did not present outcomes both in a disaggregated and aggregated form. Only 76.2% of the studies performed incremental analysis. A high proportion of these studies did not perform sensitivity analysis (55.6%). Among those that presented such an analysis, 17.9% did not justify the choice of variables used for sensitivity analysis, and another 17.9% did not provide the ranges at which they varied the variable to see their effects on this analysis. All the studies reviewed drew their conclusions from the data presented and most of them provided clear answers to the study questions (96.8%). However, a lower proportion (58.7%) included discussion on their limitations or discussed the shortcomings of the studies. Furthermore, more than half (52.4%) did not address the external validity of the study presented ( fig. 1 ). The analysis 0 1 9 7 5 -1 9 8 0 1 9 8 1 -1 9 8 5 1 9 8 6 -1 9 9 0 1 9 9 1 -1 9 9 5 1 9 9 6 -2 0 and interpretation scores ranged from 3 to 15, with an overall mean of 8.7 (SD 3.0). On this scale, more than half of the studies (61.9%) scored greater than 7, including two that scored 15, i.e. they provided complete information on all of the data analysis parameters used in the study. Finally, the general assessment score ranged from 9 to 34, with an overall mean of 19.9 (SD 6.0). Of a total score of 35, 42.9% of the studies scored less than 18 points. No study scored 35 points and only 6 studies scored between 30 and 34.
Discussion
A search was conducted of the literature of published studies since 1975 addressing EE of dental caries prevention programs to assess their technical quality. The review indicated a considerable increase in the number of such evaluations published in the last 5-10 years. In the initial stage of the search, we identified a large number of references, but most did not meet the inclusion criteria. Confusion over the use of appropriate labels for true EEs was evident in some cases. Sometimes this was due to the MESH term used in the databases, where CEA was assigned to a citation which simply mentioned the need for an EE. On the other hand, some authors mistook the descriptions of cost analysis and labeled them with terms such as CEA and CBA. Furthermore, even though true EE needs to have at least one intervention group being compared with at least one control group (or status quo) [Drummond et al., 2005] , some studies failed to have a comparison group. Such findings are echoed by Deery [1999] following a systematic review of EEs of pit and fissure sealants. That review also reported inappropriate use of terms of EEs in the literature.
Dental sealants application programs were the most common intervention evaluated, mostly using CEA. The second most evaluated intervention was community water fluoridation (CWF) together with mixed preventive interventions. Both sealants and CWF programs were predominately evaluated by CBA, especially CWF, when compared with other types of EE. In terms of EE, much less is known about other methods of dental caries prevention, such as fluoridated toothpastes, salt fluoridation and fluoridated gels and varnishes. This is surprising in light of their extensive use, in particular programs utilizing fluoridated toothpaste. However, some of the studies in the 'mixed preventive interventions' included evaluations of tooth-brushing, varnishes and gels programs at schools.
Most studies that were reviewed stated the research question clearly and explained the importance of performing an economic analysis, but most failed to justify the reason for conduction an EE. In the same manner, a significant proportion of the studies lacked information on their perspective or view point, such as from an individual, societal or government perspective. As the perspective (i.e., who is paying or benefiting) forms the basis of any good EE of a health program, this is a significant failure.
The present review revealed that CEA is the most widely used method of EE of various preventive dental caries programs followed by CBA. In CBA, all measures are expressed in monetary terms. A recognized drawback of CBA is the need to have intangible benefits such as relief from pain or quality of life (QoL), assigned a monetary value [Weinstein and Stason, 1977; Griffiths, 1981] . While CUA has begun to appear in other areas of dental service research, few studies in relation to the prevention of dental caries have been reported. Outcome in terms of QoL are commonly measured in oral health. The QoL instruments may be used to create a quality-adjusted life year (QALY) index. Through this, the impact of preventive programs could be used to determine changes in QoL. However, QoL instruments have been generally insensitive to variations in health [Richardson, 1998] . This is particularly the case in oral health. The concept of quality-adjusted tooth years (QATYs) was developed to provide an outcome measure which could be compared across treatments, as a dental variation of the QALY [Antczak-Bouckoms and Weinstein, 1987; Fyffe and Nuttall, 1995] .
To be considered of use, EEs must be based on sound effectiveness data or be run in parallel with studies designed to provide this information. The quality of the effectiveness data was not evaluated in this review; however, most of the reviewed articles did not mention the level of statistical significance in terms of effectiveness and cost analysis. This finding is consistent with a systematic review conducted by Kallestal et al. [2003] who reviewed EE of preventive dental caries programs and reported all the articles on EE to be of low evidence value with contradictory results. The majority of them lacked the criteria for good-quality studies. It is likely that it is problematic for investigation of CEA and CBA in the public health area to obtain good measure of effectiveness, i.e. to obtain the epidemiological and demographic data for which monetary figures are attached. EEs in dental caries prevention programs are inherently difficult, largely because they make demands on epidemiological and demographic data that are hard to meet and for which data were not inferred [Campain et al., 2010] . This leads to a potential for bias in the cost figures of these evaluations [Griffin et al., 2001] . This is evident from the results of the technical review and it is not surprising that a significant proportion of the studies reviewed had this limitation.
In prospective studies, cost estimation is a relatively simple task. However, prospective studies are less frequently reported in the literature. Furthermore, because of the nature of analyses required to inform decisions, prospective epidemiological data, as for example in studies of individuals from early childhood to advanced old age, will always be difficult to perform. This is true even if one assumes negligible advances in technology and treatments and no changes in diet and other aspects of lifestyle. It is therefore advantageous to include collection of data for evaluation at the project design stage. It is virtually certain that they will not be available when evaluation takes place.
When estimates of costs and benefits are either assumed or taken from the published literature, there is always a likelihood of uncertainty of such estimates. However, some of the most neglected components of reported EE were sensitivity analysis and discounting information, including the discount rate used in the analysis. When discounting is not undertaken, studies may overstate the value of future costs and benefits [Yule et al., 1986] . Such overestimations may bias the overall outcome measure and mistakenly identify an intervention as economically desirable for the community.
Related to this is the time period of analysis. The time horizon was reported in the majority of the studies. However, in most cases, this was usually not related to the lifespan of the population, yet there are some notable exceptions to this rule. One study [Griffin et al., 2001] , which is probably the most comprehensive published EE of water fluoridation performed, used a time horizon of 65 years. Another water fluoridation evaluation [Doessel, 1979] analyzed a 35-year cohort using real, not hypothetical data. In New Zealand, Wright et al. [2001] conducted an EE of water fluoridation using a time period of 30 years with one plant replacement. More recently, Campain et al. [2010] studied the economics of water fluoridation in relation to an ageing population. The study concluded that average lifetime cost per person to fluoridate a community can be less than the cost of providing restorative dental treatment.
Only half of the studies recognized and explained the shortcomings of their research methodologies. These were recognized in the discussions as limitations of the studies and, sometimes, with indications of the probable direction of any bias for the reported findings. It should be recognized, however, that attempts to incorporate in the analyses all possibly affecting factors by means of multi-way sensitivity analyses might lead to a plethora of single and combination sensitivity analyses that would probably clarify little. Additionally, one third of the included studies were based in the USA, and with few exceptions, the remainder were conducted in developed countries which questions their application in a broad context. The majority of the studies reviewed did not address generalizability issues. Systematic reviews are well established sources of evidence based on critical appraisal of research papers on a specific topic and pinpoint gaps in the literature which may help the authors improve the quality of future research methodologies. To our knowledge this is the first systematic review of published EEs of caries prevention programs addressing their methodological quality. Still, our work has several limitations and we encourage future discussion and research on assessing bias from our review. First, it is possible that relevant studies were missed from evaluation. For example, we did not search in the gray literature. Such evidence might have extended the number of EE studies [Batt et al., 2004] . It is also possible that some agencies generate their own EE and that evidence is not widely available. According to Batt et al. the gray literature was up to date and reflected more complex interventions than those appearing in conventional databases. Second, the databases reviewed, with few exceptions, mostly contained studies in English. Third, we were limited by incomplete reporting of the evaluation methods to fully assess the technical quality of studies. Poor reporting may have led to an underestimation of the extent and comprehensiveness of quality assessment of the studies.
Notwithstanding these concerns, we believe that this review of EE provides new insight into economic analysis of dental caries prevention. EE is a guide to decision-making of preventive alternatives. This review indicates that, although there has been a steady increase in the number of studies reporting EE of dental caries prevention programs in the last decade, the quality in the reporting needs to be improved. Using our scales, none of the EE in this review scored the maximum; most were not in accordance with standard techniques. There is certainly room for improvement on technical aspects and in reporting of the results. Therefore, there is a role for authors and peer reviewers to apply the standards of EE. There is also a need for more consistency in applying the numerous recommendations and guidelines for conducting EE [Drummond et al., 2005 ; Centre for Reviews and Dissemination, 2009] . Building on these recommendations, this review may be used as a guide for planning future EEs. There is a strong need for health economists and oral health researchers to collaborate on projects which will improve the quality and validity of future EEs of dental caries prevention programs. We hope this work provides some groundwork for future discussion and research on the impact of EEs and helps the decision-makers in choosing appropriate caries prevention programs which will save future costs and extend benefits to a wider population.
